SUMMARY Serum potassium concentrations obtained on admission to hospital were inversely related to the incidence of ventricular fibrillation in. 289 women and 785 men with acute myocardial infarction, 92 of whom developed ventricular fibrillation. Hypokalaemia (serm potassium concentration <3 5 mmol/1) was found in 122 patients (11.4%o). The incidence of ventricular fibrillation was significantly greater in patients with hypokalaemia compared with those classified as normokalaemic (serum poussium concentration > 3.6 mmol/1) (17*2% v 7i4%). The increased risk of ventricular fibrillation in the hypoklaemic group was about the same for women and men. While they were in hospital patients with hypokalaemia developed ventricular fibrillation significanty earlier than did normokalaemic patents (median 03 hours v 7 hours). Hypokalaemia was more common in Women (17.3%) than in men (9.2%), and 55% of the hypokalaemic patients had been treated with diuretics before admission compared with 22% of the normokalaemic group. Hypokalaemia on admission to hospital predicts an increased likelihood and early occurrence of ventricular fibrillation in patients with acute myocardial infarction.
Hypokalaemia has been associated with an increased incidence of ventricular fibrillation in patients with acute myocardial infarction. Most studies have included patients with mild hypokalaemia: serum potassium concentration <3-5 mmoVl/l3 or <3*6
MnmoLl. [4] [5] [6] The association of ventricular fibrillation and low serum potassium concentration, however, has been shown only for subgroups of patients with ventricular fibrillation over certain periods in hospital,2-4 and for subgroups based on serum potassium concentrations. 4 The allocation of patients to hypokalaemic and normokalaemic groups has been based on potassium values obtained around the time of the ventricular fibrillation compared with potassium values obtained on admission for patients without ventricular fibrillation.2.S Some studies have been too small to permit conclusions.36 Others have reported an association between diuretic treatment and hypokalaemia in patients with acute myocardial infarction and ventricular fibrillation, but they have not given figures for the incidence of ventricular fibrillation in hypokalaemic patients.I Differences between patients for other possible determinants of ventricular fibrillation apart from serum potassium concentrations have Accepted for publication 12 July 1983 not been investigated.
The objective of our study was to relate the potassium concentrations in patients with acute myocardial infarction at the time of their admission to hospital to the incidence and prognosis of ventricular fibrillation during their stay there.
Patients and methods
Patients with acute myocardial infarction admitted to five of the 20 hospitals in the Norwegian multicentre study on timolol after acute myocardial infarction7 were eligible for inclusion in the study. One thousand and . seventy-four patients comprising both those included in and excluded from the timolol tra7 were studied, and the qualifying criteria for acute myocardial infarction, mortality classification, and other clinical and laboratory procedures were as previously described.7 The patients were allocated to six groups according to serum 4potassium concentration on admission.
All patients had continuous electrocardiographic monitoring for the first two days or longer if indicated. The presence of ventricular fibrillation was determined either by observation of it on an oscilloscope or by an automatically recorded rhythm strips, or both. All patients with ventricular fibrillation had 526 clinical signs, and resuscitation with a thump on the chest and/or direct current conversion and/or external cardiac massage and artificial respiration or combinations of these had to be carried out on all patients. Four patients were found dead in bed during their stay in hospital (one hypokalaemic and three normokalaemic patients) and they were not included in the group of patients with ventricular fibrillation.
Only the first episode of ventricular fibrillation in each patient was considered. Both primary and secondary (complicating) ventricular fibrillation8 were accepted but not ventricular fibrillation resulting from terminal arrhythmias produced by drugs during resuscitation. Twelve patients had ventricular fibrillation on admission, and all had received external cardiac massage and artificial ventilation for one half to 20 minutes before admission. Drugs or direct current conversion were not used during resuscitation before admission to hospital.
Blood samples for estimation of serum potassium concentration were taken on admission, centrifuged immediately, and analysed by flame photometry. Only the initial value was used in the study. Serum potassium and arterial acid-base analyses were performed simultaneously for 12 patients who had ventricular fibrillation on admission and in whom blood for serum potassium analysis was drawn after the onset of ventricular fibrillation. None of these were given diuretics between the onset of ventricular fibrillation and taking the blood sample.
Prophylactic antiarrhythmic treatment was not used. No patients were given intravenous potassium. A chest radiograph in the standing position was taken routinely at the end of the first week in hospital.
Hypokalaemia was defined as a serum potassium concentration s3.5 mmol/l and hyperkalaemia as serum potassium >5*2 mmol/l. The figure shows further divisions into subgroups. For statistical analysis the hyperkalaemic patients were included in the normokalemic group. Table 3 shows mortality during the first three months after the infarction for patients with ventricular fibrillation. Thirty-three per cent in the hypokalaemic group and 44% in the normokalaemic group died. Women had a higher mortality than men, but the difference was not significant. Total cardiac death within 48 hours of admission for patients with ventricular fibrillation was 5% and 11% in the hypokalaemic and normokalaemic groups respectively and sudden cardiac death within 48 hours of admission was 0 v 10%/o respectively (NS). In the 1074 patients hypokalaemia was related to diuretic treatment before admission; digitalis treatment was more common in the normokalaemic group (Table 4) . Mean serum potassium concentration for the 982 patients who did not develop ventricular fibrillation was 4 1 mmol/l and 3-9 mmol/l for the 92 patients who did develop ventricular fibrillation (p<005).
Twelve patients (four hypokalaemic and eight normokalaemic) had ventricular fibrillation on admission but survived long enough to fulfill diagnostic criteria for inclusion in the study. The mean plasma pH for these patients was 7-37 (range 7.28-7-44). The mean standard bicarbonate concentration was 25-5 mmoIIl (range 18-30 mmolI1). None of these patients became alkalotic after sodium bicarbonate infusion during resuscitation before blood was drawn for serum potassium estimation. The potassium values obtained were therefore accepted as indicative of the concentration before the onset of ventricular fibrillation. There was, however, a significant difference in the incidence of ventricular fibrillation between the hypokalaemic and normokalaemic groups even if these 12 In the 1074 patients hypokalaemia was related to diuretic treatment (Table 4) , the relation being less obvious in patients with ventricular fibrillation (Table 2) , of whom 62/o of those with hypokalaemia were not taking diuretics. This hypokalaemia did not result from treatment with insulin, steroids, or antibiotics and could not be explained by other diseases associated with hypokalaemia. 9 Hypokalaemia has been reported to be more common in women than in men.69 The incidence of hypokalaemia in all our patients was 17% for women and 90/o for men (Table 1) , and for those with ventricular fibrillation 9 of 24 women (38%) and 12 of 68 men (18%) were hypokalaemic. Thus overall the incidence of hypokalaemia was significantly higher in women than in men for both groups of patients. Among the 1074 patients women were significantly older than men, but hypokalaemia was not related to age in this population of patients below 76 years.
Raised concentrations of catecholamines have been suggested as a possible cause of transient initial hypokalaemia in patients with acute myocardial infarction,12 but it remains to be shown if this can explain the preponderance of women with low serum potassium values.
There was an early occurrence of ventricular fibrillation in the low serum potassium group. This finding and the absence of lung congestion on the initial clinical examination may indicate that there were more patients with primary ventricular fibrillation in the hypokalaemic group, as primary ventricular fibrillation occurs earlier during the acute infarction than secondary (complicating) ventricular fibrillation. 8 The frequency of treatment with frusemide for heart failure ( Table 2) was not significantly different between the groups during the first week. By the end of the first week there was less lung congestion in the hypokalaemic group as shown on the chest x ray film, and thus the degree of heart failure seems to have been less severe in the hypokalaemic group.
Subgrouping of hypokalaemic and normokalaemic patients with ventricular fibrillation according to the early occurrence of ventricular fibrillation after admission24 may not give a correct comparison of the true incidence of ventricular fibrillation in the two groups. Such subgrouping brings in time as a variable
